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Abstract
We see various hybrid forms of organization and competition in which domestic and
foreign firms may cooperate in some phases of production such as technology
development and then compete in product markets. We assume that for a foreign
firm to produce a good for export into its rival’s domestic market, it has to acquire
technology either through research and development (R&D) or licensing from the
domestic firm. The domestic firm has an incentive to offer a licensing contract that
deters the foreign firm from conducting its own R&D, but this in turn creates an
interdependency not considered in the traditional literature. We show that both
domestic and foreign optimal policies with licensing can be the exact opposite of
optimal policies without licensing. Interestingly, by imposing an export tax on the
"foreign" firm, the foreign government can shift the licensing revenue from the

"domestic" firm.
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1 Introduction

The basic principles of trade and industrial policies in the presence of oligopolistic market
structures are well understood, as are the consequences of many variations on the basic
assumptions.! However, most research exploring “optimal” trade and industrial policies
has focused on situations in which domestic and foreign firms are strictly independent
and their profits enter only the income stream of the country in which they are located.
This is obviously unsatisfactory, because the world has become more complicated, and we
see various hybrid forms of organization and competition in which firms may cooperate in
some phases of production such as technology development and then compete in product
markets.

A typical example is cross-border technology transfer between rivals. Technology
transfer can be made through licensing or provisions of intermediate products? and/or
capital goods.? In particular, it has been observed widely that firms in developed counties
help developing countries to launch new industries through production technology trans-
fer.? For example, Mitsubishi Motors Co. transferred production technology to Proton
(a Malaysian automaker) and Hyundai Motor Co. at the time of their establishment.’
Similarly, POSCO (a Korean steelmaker) obtained technology from Japanese steelmakers
when it was established in 1973, while Samsung Electronics Co., Ltd. entered a number
of licensing contracts with Japanese and European firms in the 1980’s.

One may wonder what motivates technology holders to transfer technology to (po-
tential) rivals. One of the motives is that even if a technology holder does not transfer
its technology to (potential) rivals, they may obtain production technologies from other
technology holders or engage in research and development (R&D) to develop their own
production technologies. Obviously, technology holders can receive some payments in
the case of their technology transfer to (potential) rivals but no payments in the case of
other technology holders’ technology transfer or rival’s R&D. The presence of technology

transfer potentially gives rise to strategic interdependence between firms. In such an

!Brander (1995) provides an excellent survey.
2The essence of technology is often embodied in sophisticated intermediate products.
3Partial corporate control of a foreign rival through partial ownership such as a joint venture or other

hybrid forms of organization are another channel of technology. See, for example, Ishikawa, Sugita and

Zhao (2009, 2011).
*Technology transfer is not necessarily confined to that between developed and developing countries.

For instance, Toyota’s patents on gasoline-electric hybrid engine system control and emission purification

were licensed for use in Ford’s own hybrid system.
®Nissan Motor Co., Ltd. also provided technological assistance to Samsung Motors.



environment, trade and industrial policies cannot simply focus on the market shares of
domestic versus foreign firms, for example. Against this background, the aim of this
paper is to explore, in an international duopoly framework, how the availability of both
R&D and technology transfer affects optimal trade and industrial policies.

The relationship between the degree of competition among technology holders and
their incentive for technology transfer is an interesting research topic. Since Fosfuri
and Arora (2003), Ishikawa (2007), and Horiuchi and Ishikawa (2009) deal with this
issue, however, this paper focuses on the R&D case, which has not been explored.® We
specifically consider a situation in which a domestic firm and a foreign rival engage in
Cournot competition in the domestic market. The foreign firm, to produce the good it
wants to sell in the domestic market, has to acquire technology either through R&D or
through licensing from the domestic firm.” The domestic firm has an incentive to offer
a licensing contract that deters the foreign firm from doing its own R&D, because such
a strategy reduces the loss to the domestic firm caused by the entry of the foreign firm
into the domestic market. This creates an interdependency between firms not considered
much in the traditional literature.

Without licensing (i.e. without firms’ interdependency), the domestic government
typically sets a tariff to improve domestic welfare,® while the foreign government provides
the foreign firm with an export (a production) subsidy to enhance foreign welfare.?
Whereas tariffs shift the rent from the foreign firm to the domestic government, export
subsidies shift the rent from the domestic firm to the foreign firm. With licensing,
however, the profits of the domestic and the foreign firm are interdependent, which
affects rent-shifting opportunities. In particular, when the domestic firm sets license
fees, it tries to extract as much rent from the foreign firm as possible. In this situation,

the foreign government has an incentive to reduce license fees.!? Thus, this incentive is

SWhereas Fosfuri and Arora (2003) focus more on the industrial or market structure under the possi-
bility of licensing in a closed economy, Ishikawa (2007) and Horiuchi and Ishikawa (2009) focus more on

the relationship between tariffs and technology transfer from North to South.
"The essence of our analysis and results would not change even if the channel of technology transfer

is imports by the foreign firm of an intermediate product from the domestic firm.
8See Brander and Spencer (1984a,b) and Furusawa, Higashida, and Ishikawa (2003), for example.
9Rent-shifting through export (or production) subsidies was originally pointed out in the “third-

market” model developed by Brander and Spencer (1985) and has been explored by many studies. The
optimal policy becomes export taxes under Bertrand competition. Also the number of firms affects the

optimal policy even with Cornot competition. For details, see Brander (1995).
0T here are other ways in which the government could try to intervene, such as direct regulations, but

we confine ourselves to taxes and subsidies in our analysis.



taken into account when the optimal export subsidy is tailored by the foreign government.
Interestingly, the foreign government, by imposing an export tax on the “foreign” firm,
could shift the license revenue from the “domestic” firm to the foreign government. Yet,
the intervention by the foreign government, through which the domestic firm loses all
licensing revenue, may still benefit the domestic firm. Moreover, it is shown that the
domestic government may provide an import subsidy. Therefore, both domestic and
foreign optimal policies with licensing can be the exact opposite of optimal policies
without licensing.

Cross-border technology transfer to rivals in the context of international oligopoly has
been analyzed by Kabiraj and Marjit (2003), Mukherjee and Pennings (2006), Ghosh and
Saha (2008), and Horiuchi and Ishikawa (2009) among others.!! The focus of the present
paper is different from that in the papers just cited. Kabiraj and Marjit (2003) and
Mukherjee and Pennings (2006) point out the possibility of “tariff-induced” technol-
ogy transfer through licensing. Specifically, using a duopoly model, Kabiraj and Marjit
(2003) show that the foreign firm has an incentive to license its superior technology to
the domestic rival only if the initial cost difference between the foreign and the domestic
firm is small, implying that the introduction of a tariff, by reducing the cost difference,
may induce licensing. Mukherjee and Pennings (2006), on the other hand, consider the
relationship between the licensing to potential domestic or foreign entrants by a for-
eign monopolist and the timing of the imposition of the (optimal) tariff. Horiuchi and
Ishikawa (2009) explore the strategic relationship between tariffs and North-South tech-
nology transfer in an oligopoly model when technology is embodied in a key component
that only North firms can produce. The above three studies are primarily concerned
with how government can induce technology transfers through tariffs in the presence of

strategic use of licensing.!?> Ghosh and Saha (2008) introduce technology licensing into

1On the other hand, a number of studies focus on various hybrid forms of organization and com-
petition, but “without” technology transfer. Spencer and Jones (1991,1992), Ishikawa and Lee (1997),
and Chen, Ishikawa, and Yu (2004), for example, deal with trade in intermediate inputs between ri-
vals. Ishikawa, Mukunoki, and Morita (2010,2012) are concerned with service provisions between rival
firms after production. We should mention that our focus is different from studies such as Spencer and
Raubitschek (1996) and Ishikawa and Spencer (1999), because, in their models, domestic firms import

intermedidate products not from foreign rivals but from foreign suppliers.
2Strategic use of licensing has also been widely examined in the literature on industrial organization

(I0). The IO literature primarily focuses on the strategic use of licensing as a deterrent to entry (see, for
example, Gallini, 1984; Rockett, 1990; and Yi, 1999). However, the studies in the field of IO essentially
deal with a closed economy and therefore do not make it possible to consider cross-border rent-shifting

through trade and industrial policies.



the third-market model and show that the optimal policy could be an export tax. Al-
though this result is similar to ours, the mechanism through which the result is derived
is different. What is crucial in their model is that technology licensing decreases the li-
censee’s marginal cost. That is, the marginal-cost reduction caused by licensing switches
the optimal trade policy in the licensee’s country from an export subsidy to an export
tax.

The mechanism of rent-shifting through a foreign export tax under licensing is some-
what similar to that of Brander and Spencer (1981), that developed a model with two
firms, a foreign and a domestic firm. The domestic market is monopolized by the foreign
firm and the domestic firm is a potential entrant. The foreign monopolist deters the
domestic firm from entering the market. In this situation, the domestic government can
set a tariff without raising the consumer price, because the foreign monopolist keeps
the consumer price constant to deter entry. That is, the domestic government can shift
the monopoly rent from the foreign firm to itself without generating any burden on the
domestic country. By contrast, in our model, the domestic firm deters the foreign firm
not from entering the goods market but from doing its own R&D. This behavior results
in opportunities for rent-shifting by the governments.

A specific feature of our model is that we introduce not only licensing but also R&D
into the framework of international oligopoly. In our analysis, we also investigate R&D
subsidies instead of export subsidies in the foreign country. We show that the foreign
government does not need to pay any subsidy in equilibrium. Spencer and Brander
(1983) and Bagwell and Staiger (1994) introduce R&D into the third-market model to
examine the role of R&D subsidies instead of export subsidies. However, their focus is
on the relationship between export subsidies and R&D subsidies. They do not deal with
licensing and hence the interdependency between firms does not arise.

Another aspect in which our study differs from existing ones is that we derive the
optimal license fees in the presence of the opportunity of entrant’s R&D. Specifically,
the case we consider is one with differentiated goods and two-part tariffs.'”®> We show
that depending on the parameter values, three cases could arise: licensing by means of a
fixed fee alone, licensing by means of a royalty alone, and licensing by means of a fixed
fee plus a royalty. The existing literature on licensing usually focuses on one of the three

cases. While Mukherjee and Pennings (2006) assume licensing with both a fixed fee and

3Wang (2002) compares licensing by means of a fixed-fee with that by means of a royalty in a differ-
entiated Cournot duopoly model. Although he obtains the optimal license fee, Wang (2002) considers
neither R&D by the inefficient firm nor licensing with a fixed fee plus a royalty.



a royalty, Kabiraj and Marjit (2003) and Ghosh and Saha (2008) deal with licensing
with a fixed fee alone. Meanwhile, Horiuchi and Ishikawa (2009) consider trade in an
intermediate product. This means that their case corresponds to licensing with a royalty
alone.

The rest of the paper is organized as follows. In Section 2, we present an international
Cournot duopoly model. Specifically, we consider a situation in which foreign production
becomes possible either through R&D or through licensing. We explore the optimal tariff
set by the domestic government in the presence of R&D and licensing in Section 3 and
the optimal export tax imposed by the foreign government in Section 4. We then consider

simultaneous interventions by both governments in Section 5. Section 6 concludes.

2 Basic Model

2.1 Model Setting

There are two firms, a domestic firm (firm d) and a foreign firm (firm f). Firm d
produces good Y in the domestic country and serves the domestic market. Firm f enters
the domestic market by producing good X, which may be a close substitute of good Y.
To produce good X, however, firm f needs to acquire the technology to produce good
X. We specifically consider two possibilities. In the first case, firm f engages in R&D
itself to develop good X. In this case, firm f incurs the fixed costs (FCs) associated with
R&D, F'. In our analysis, we assume for simplicity that there is no uncertainty regarding
R&D, that is, firm f can always develop good X by engaging in R&D.' In the second
case, firm f obtains a license from firm d for the technology to produce good X. In this
case, firm f pays license fees to firm d.

Demand is characterized by a representative consumer that consumes goods X and
Y as well as a numéraire good. The numéraire good is competitively produced and freely
traded between countries.

We assume the following utility function:

2, .2

<+
2

U=oax+ Py — — ¢xy +m,

where x, y and m are, respectively, the consumption of goods X and Y and the numéraire

good, a and 3 are parameters, and 0 < ¢ < 1 is a parameter indicating the degree of

1 Even if uncertainty is introduced, the essence of our analysis and results would not change.



substitutability between goods X and Y.'
Then the inverse demand for the imperfectly substitutable goods X and Y is, respec-

tively, given by

Pe = a—x— ¢y, (1a)

where p, and p, are the consumer prices of goods X and Y. The consumer surplus (CS)
is given by

962—1-3/2 x2—|—y2

5~ Ty — (Pz + pyy) = 5

CS=ax+ 0y — + oxy

We first consider the case in which firm f engages in R&D. The profits of firms f

and d can be written respectively as

wé = (pg —cz)x — F,
d
TR = (py - cy)y7

where ¢; (i = z,y) is the constant marginal cost (MC) to produce good i. Then the first

order conditions (FOCs) for profit maximization are:

dr?
d_LUR = _$+px_cm207
drmd
TE = yem—e =0

In the equilibrium with R&D, we have

. 2A—0¢B , 2B-¢A
$R:—4_¢2 >yR:—4_¢2 )

where A = o — ¢, and B = 3 —¢,. As the size of the market, a((), increases and/or the
MC, ¢; (cy), decreases, A (B) becomes larger. We call A (B) “the effective market size”
for good X (Y). In the following analysis, we focus on the case where both firms serve
the market in equilibrium (even with taxes and subsidies). With free trade, this implies
2B — ¢pA >0 and 2A — ¢B > 0.

Using the FOCs, the profits of firms f and d are given by

= (ah)hnh = (yp)>. (2)

Thus, the equilibrium profits increase if and only if the equilibrium output rises.

'5When ¢ = 0, goods X and Y are not substitutable. When ¢ = 1 and o = 8, two goods are

homogeneous.



2.2 Licensing When the Entrant Can Engage in R&D

We next examine firm d’s technology licensing to firm f and compare this licensing
equilibrium with the R&D equilibrium. We specifically consider the following three-stage
game. In the first stage, firm d decides whether or not to provide a take-it-or-leave-it
licensing offer to firm f.!6 In the second stage, if firm d decided to offer a licensing
contract, firm f chooses either to accept the offer or to engage in R&D itself. On the
other hand, if firm d does not offer a licensing contract, firm f conducts R&D. In the
third stage, the firms engage in Cournot competition in the domestic market.

We focus on the case where in the absence of licensing, firm f is willing to develop
good X through R&D. Since firm f necessarily enters the market, firm d prefers licensing
to R&D. This is because licensing generates revenue for firm d and reduces the loss it
suffers as a result of firm f’s entry. Thus, firm d designs a licensing contract so that firm
f is willing to accept it. We should mention that firm d cannot extract all the rent from
firm f because of firm f’s outside option, i.e., R&D.

In the presence of licensing, the profits of the two firms are given by

= (pr—co)r— (R+712) = (s —co — ) — R
7"'dL = (py—cy)y+(R+rm),

where R and r are, respectively, a fixed fee and a per-unit royalty. We assume R > 0
and r > 0. Moreover, we assume for simplicity that firm f’s MC under licensing and
that under R&D are the same. Without this assumption, the analysis becomes messy,
because there are too many possible cases. Since the outside option for firm f is R&D,
firm d faces the following maximization problem:

max 7 s.t. 7r{ > Wé*,r >0,R>0, (3)

T

where wé* is firm f’s profits with R&D, which is the outside option for firm f. In the
equilibrium, firm f is indifferent between R&D and licensing.

Given r, the equilibrium outputs are

. 20A—r)—¢B 2B — ¢p(A—r)
rr(r) = 4_—¢2,?JL(7“) ST (4)
Thus, noting the constraints, we obtain
7L(r) = @(r)? + R(r) + 12 (r), (5)

5Our results remain qualitatively unchanged as long as the domestic firm has some bargaining power.

For the case where the foreign firm has full bargaining power, see the concluding section.



where

2(A—r)—¢B
4 — ¢?

2A — ¢B
4 — ¢?

R(r) = @L(r)* = mf = ( )= P+ F

We are now ready to derive the optimal license fees when the entrant can engage in
R&D. We can show that depending on the parameter values, there are three types of
licensing contract: licensing by means of a fixed-fee, licensing by means of a royalty, and
licensing by means of a fixed fee plus a royalty. Concretely, the following proposition
holds.'”

Proposition 1 Suppose that if the domestic firm does not offer a licensing contract to
the foreign firm, the foreign firm acquires production technology through R&D and enters
the domestic market. Then the domestic firm has an incentive to offer the following
contract to the foreign firm to deter the foreign firm from engaging in RE€D. When
#(4B 4+ B¢? — 4Ap) <0, firm d sets r = 0 and R = F. When ¢(4B + B¢* — 4A¢) > 0,
firmd setsr =7 and R=0 if r* > 7 and sets r =r* and R = R* if r* <T, where

—¢ (4B + B¢® — 4A¢)

2 (3¢% — 4) ’
T = A—%Bqﬁ—Q,
. 2(A —r*) — ¢B .
R = (( 4i;2 ¢ )2 —

0 = \Jrfu-e)2>0

The above three cases are illustrated in Figure 1. The three curves, [11}, lal}, and I3l},
respectively, show (5) with ¢(4B + B¢* — 4A¢) < 0, (5) with ¢(4B + Be* — 44¢) > 0
and 7* > 7, and (5) with ¢(4B + B¢? — 44¢) > 0 and 7* < 7. Points L1, Lo, and
L3, respectively, give the highest profits of firm d.'® However, the domain of royalty is
given by 0 < r < 7. r > 0 holds by assumption and firm f does not accept a licensing
offer when r > 7. Thus, point L} at which » = 0 holds gives the highest profits with
#(4B + B¢? — 4A¢) < 0, implying licensing by means of a fixed fee alone. Similarly,
point L) at which » = 7 holds gives the highest profits with ¢(4B + B¢? — 4A¢) > 0
and r* > 7, implying licensing by means of a royalty alone. Since point L3 is an interior

solution, license fees consist of both fixed fee and royalty.

"For the proof, see Appendix A.
18 All curves go through point Lj. The intercept is given by 7% + F, where n% is firm d’s profits with
R&D.



To grasp the intuition behind the above proposition, it should be noted that an
increase in r affects each term of (5) in the following manner. The first term (i.e., firm
d’s profits from producing good Y') increases, the second term (i.e., the license revenue
from the fixed fee) decreases, and the third term (i.e., the license revenue from royalties)
may or may not increase. When the effective market size for good Y, B, is small relative
to that for good X, A, the increase in firm d’s profits from producing good Y is relatively
small, but the decrease in the license revenue from the fixed fee is relatively large. If
#(4B + Bp* — 4A¢p) < 0, the decrease in the license revenue from the fixed fee dominates
the other two effects,' implying that firm d charges for its license only in the form of a
fixed fee. If ¢(4B + B¢* —4A¢) > 0, on the other hand, firm d sets 7 > 0. The maximum
royalty firm d can charge (i.e., 7) is determined by firm f’s outside option (i.e., Wé*).

We next compare welfare between the R&D case and the licensing case. Domestic

welfare with licensing consists of firm d’s profits and CS:

2B — ¢p(A—1) 5 2(A—r)—¢B }
Wir,R) = {(—/———2 = ")+ R
tnd) = {EEEE A
(Z(A;j;;d)B)z_i_(QB;f(‘bAer) )2
+ 2 . (6)
+o(AA90) (A1)

With licensing, firm d’s profits are larger, but CS could be smaller. If = 0, the prices of
the goods are not affected by licensing. Thus, domestic welfare is higher by the license
fee in the licensing case than in the R&D case. However, if » > 0, licensing increases
the prices of both goods. Although firm d benefits from licensing, consumers lose from
licensing.

When R = 0, Wi(r,R) is maximized at 7 = A/3. This implies that Wi* =
Wd(0,0) = Wi(24/3,0) < Wi(r,0) for Vr € (0,2A4/3), where W is domestic wel-
fare with R&D (which is constant).2? Moreover, it is obvious that W (r,0) < W(r, R)
for R > 0. Thus, as long as 0 < r < 2A4/3 holds, domestic welfare is higher under
licensing regardless of the type of licensing contract.

With respect to foreign welfare, this consists of firm f’s profits alone. Since firm d
designs the license fee such that firm f is indifferent between licensing and R&D, foreign
welfare is the same between the two cases.

Thus, we obtain the following proposition.

91f B is quite small relative to A, an increase in r increases the license revenue from royalties.
20This is correct only if the output of firm f is positive with r = 24/3.

10



Proposition 2 If 0 < r < 2A/3, then domestic welfare is higher under licensing than

under RED. Foreign welfare is the same between the licensing case and the RED case.

3 Domestic Optimal Tariffs

In the following analysis, we explore rent-shifting opportunities by governments. We
start by investigating measures the domestic government may take to shift the rent from
firm f to itself. Specifically, we investigate the case where the domestic government sets
a specific tariff, T'. We assume that the domestic government commits itself to adopting
a tariff before the firms move (i.e., in stage 0) and that the foreign government is passive.
As we will see below, the optimal tariff rates are different between the R&D case and
the licensing case. Thus, the government announces two tariff rates: a tariff rate under
R&D and a tariff rate under licensing.

In a standard international oligopoly model where domestic and foreign firms simply
engage in Cournot competition in the domestic market without any relationship between
firms, the domestic government can shift the rent from firm f to itself through a tariff.
In our analysis, we have to take both R&D and licensing into account.

First, we consider the R&D case. In the R&D case, domestic welfare consists of firm

d’s profits, CS, and tariff revenue:

. 2B — p(A—T
R
CUTE? + (P 2(A-T)— 9B 2B - 9(A—T)
+ 4 e e e
2(A—T) - ¢B
P 4_>¢2 o8,
= —m(A2—2¢AB+3BQ+2AT—3T2).

We can easily verify the following lemma.
Lemma 1 In the case of RED, the optimal tariff is given by Th = A/3.

© have A A2 A 2
—~ 4A% — 60pAB + 9B
Wi = Wh(S) =

Since R&D itself has nothing to do with firm d, the result obtained in the standard

international oligopoly model is still valid. We assume that the domestic government

11



sets T' = T, with R&D when it employs a tariff. The profits of firm f with T' = T} are
given by
RT 4 — ¢2

Next, we consider the licensing case. In this case, domestic welfare, which consists of

)2 —F.

firm d’s profits, CS, and tariff revenue, is given by

—~ 2B —¢(A—-T —r) 20A-T —7r)— ¢B
d 2
Wr(r,T) = {( 1 ) T Py +R
(2(A—:"_—¢7‘2)—¢B )2+(23—ﬁ(_A¢—2T—7‘) )2
- A-T J; 2B A-T
2UA—T —7)— — —_T—
o (AA)08) (BT
+T2(A—T—r) — ¢B
4 — ¢? ’

where R = ﬁ(r, T)= (WF - W];z;'

There are three cases to analyze, depending on the type of licensing contract. The first
case we consider is the licensing with a fixed fee alone (i.e., with ¢(4B+ B¢* —4A¢) < 0).

Domestic welfare in this case is given by

B GA-T), =
e )

(HAT) 6B > | (2B6(AT))5

wio.r) = {i

1 4—g7 2(A-T)—¢B, 2B—¢(A-T)
v - HE ) (RS
20A—-T)— ¢B
(724D e
The optimal tariff is given by
4B¢ — Ag? —4A  2(2A—¢B) — ¢(2B — A
T = - ¢ — Ad _ 2 ¢B) — ¢( ¢) )

(3¢ —4) (3¢ — 4)
We can verify that 77, < 0 with ¢(4B + B¢? —4A¢) < 0. Thus, a negative tariff (i.e., an
import subsidy) is optimal. The intuition is as follows. Without tariff, firm d wants to
set a negative royalty and a positive fixed fee. However, due to the constraints, » > 0 and
R > 0, firm d is forced to design a license contract with » = 0 and R = F'. The effect of
an import subsidy is basically the same as that of a negative royalty. An import subsidy
decreases firm f’s effective MC. Although the government has to finance the subsidy, the
whole subsidy is eventually shifted from f to firm d through the fixed fee charged to firm
f. Moreover, an import subsidy increases CS. We should note that Wf(O,T) > WE(T)
necessarily holds for a given T, because Wg(o, T) - Wa(T) = R(0,T) > 0. This implies

12



that W}f(O,TEl) > W}%*T- Thus, the domestic government has an incentive to induce
licensing.
The second case is licensing with a royalty alone (i.e., with ¢(4B + B¢? — 4A¢) > 0

and r* > 7). Domestic welfare with a royalty alone is given by

~ 2B—¢p(A—T —r 20A—-T—7r)—¢B
i) = {EEET X =2}
14— ¢ 41— ¢
(o8 (2B T2
- A-T Bg 2B A-T
20A—T —7)— — —_T—
o (AA)—0B) (2B T
+T2(A—T—r)—gz5B
4 — ¢? ’

Equation (6) suggests that a royalty and a tariff are perfect substitutes from a welfare
point of view. Given Lemma 1, therefore, the optimal tariff, 77,, should satisfy 17,41 =
A/3. This is depicted in Figure 2, where ww’ shows domestic welfare.?! However, when
T +r > T, licensing does not arise. If 7 < A/3 (say, T = m in Figure 2), then the
domestic welfare level under licensing is given by point M. Therefore, the domestic
government sets 77, = A/3 and induces R&D instead of licensing. If 7 = A/3, the
domestic government does not impose any tariff (i.e., 7}, = 0) and r* = 7 holds. If
7 > A/3 (say, T = n in Figure 2), then the government cannot induce licensing with
T +7 = A/3, because, observing T, firm d sets r so that 7'+ r = 7 holds. In this case,
optimal tariff (which results in the welfare level given by point N) is T}, < T and is not
unique. In fact, the domestic government does not need to impose any tariff in this case.

The last case is licensing with both a fixed fee and a royalty.

— 2B — p(A—T — r¥) o 2AA—T —1*)—¢B _,
Wi 1) = { E A = e 2E = = ey
(AATr)oob)2 (2B0AT ) 2
+ 2
+(AATT )08 ) (2BdA T
20A—T —1*) — ¢B
T
+ 4 o ¢2 b
where
i ~¢ (4B + B¢* —4(A-T)¢) _, 2A—r—T)—¢B .
(T = ( ),R(T)E(( ) )2 — .

2 (3¢* —4) 4—¢?

21Since a royalty and a tariff are perfect substitutes from a welfare point of view, ww’ under licensing

coincides with ww’ under R&D. That is, as long as the sum of a royalty and a tariff rate under licensing

equals a tariff rate under R&D, the welfare levels are the same.
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It is easy to verify that the optimal tariff is given by

— (24 - By)

TL*B = 9

< 0. (8)

The loss of consumers due to higher consumer prices exceeds the gain of the domestic firm.
Thus, the domestic government has an incentive to provide an import subsidy to mitigate
the loss of consumers. Moreover, setting T = T = (8A —12B¢ + 6Ap? — 3B¢3) /(24 —
6¢?), the effective MC of firm f becomes A/3 and hence W}f(r*(f),f) is larger than
Wit by R*(f ). Therefore, Wg(r* (T74),Tr3) > Wld%i_;“ holds, implying that the domestic
government has an incentive to induce licensing.

Therefore, we obtain the following proposition.

Proposition 3 Suppose that the foreign government is passive. When licensing is either
by means of a fized fee alone or by means of both a fixed fee and a royalty, the optimal
tariff is negative and licensing arises. In contrast, when licensing is by means of a
royalty alone, licensing may not arise with the optimal tariff. If 7 > A/3, the domestic
government does not have to impose any tariff and licensing arises. If 7 < A/3, on the

other hand, the optimal tariff rate is A/3 and RED arises.

4 Foreign Optimal Export Taxes

In this section, we investigate measures the foreign government may take to shift the
rent from firm d to itself, because in the presence of licensing, firm d sets a license fee to
extract as much rent from firm f as possible. We assume that the domestic government is
passive and that the foreign government commits itself to adopting a rent-shifting policy
before the firms move (i.e., in stage 0).

We begin with export taxes. We can verify that the R&D case is basically the same
as the standard international Cournot duopoly model, in which the foreign government
can shift the rent from firm d to firm f through an export subsidy.?? Foreign welfare

consists of firm f’s profits and tax revenue, i.e.,

o~ 20A—7)— 0B 2A—1)— 6B
Wilr) = (( 4—T)¢>2<Z5 )2+(( 4_T)¢2qS )T
:'@%Eﬂ“kmw¢”mﬁ+ﬁﬁ+&&+%w—M%wm

22Gince all foreign output is exported, production subsidies are equivalent to export subsidies.
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Then the tax rate which maximizes (9) is negative and is given by

¢*(2A — B)
42— ¢

We should note that foreign welfare with the optimal export tax is less than firm f’s

<0. (10)

Th =

profits, w{{;, because the optimal tax rate is negative. As was shown by Brander and
Spencer (1985), the foreign government has an incentive to provide firm f with an export
subsidy, because the increase in firm f’s profits, which we denote by ATI’;(E w{{‘; — 7'(';;),
exceeds the amount of the subsidy. In the following analysis, we assume that the foreign
government sets 7 = 75 with R&D when it employs an export tax. We also assume
I'=F—Arf>02

Next, we examine the licensing case. In this case, it is possible for the foreign gov-
ernment to shift the rent back from firm d through export taxes. The economic intuition
is as follows. Firm d can charge license fees, because firm f’s profits under licensing
without any fees are greater than those under R&D. That is, licensing arises because of
the scope for arbitrage for firm d. The foreign government can impose an export tax to
indirectly shift the rent by reducing the scope for arbitrage.

In fact, we can show that the optimal tax is positive in the licensing case. Since
firm d designs the license fee such that firm f is indifferent between licensing and R&D,
foreign welfare equals the sum of firm f’s profits under R&D and tax revenues. To make
our argument clearer, we focus, for a moment, on the case in which » =7 and R = 0.
If a specific export tax, 7, is introduced before firm d makes a licensing offer, we have
r 4+ 7 =T. This is because firm f will engage in R&D itself if the effective MC (which
equals ¢; + 7 + 7) exceeds ¢, + 7. Therefore, an increase in 7 decreases the license
fee. That is, an export tax reduces the scope for arbitrage. In particular, if the foreign
government sets 7 = 7, firm f obtains the technology without making any payment to
firm d. However, we should note that the profits of firm d are still larger under licensing
than under R&D even with 7 = 7, because firm f’s effective MC under licensing, ¢, + 7,
is higher than that under R&D, ¢, + 7R(< ¢z). Thus, the profits of firm d are still larger
under licensing than under R&D even with full rent-shifting. We should note that the
foreign government does not have an incentive to increase 7 beyond T, because of the
constraint » > 0. If 7 > 7, then firm f engages in R&D.

Formally, in the presence of an export tax, (3) becomes as follows regardless of the

23Tf this assumption does not hold, there is no room for firm d to charge a license fee in the licensing

case.
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type of license fees:?*

7rdL*T = m;}%xwd; s.t. w{ —TX > 77?7,7" >0,R>0.

7y
By affecting the constraint, an export tax makes indirect rent-shifting possible. Noting
that foreign welfare simply consists of ng_ (which is given and constant) and tax revenues

in the licensing case, the maximization problem for the foreign government is given by?°
. dx dx
max7xy; sty > w1 > 0, R >0,
T

where ﬂ%:_ is firm d’s profits under the optimal export tax in the R&D case. Obviously,
the optimal export tax in the licensing case is positive. Thus, foreign welfare with the
optimal export tax in the licensing case is higher than that in the R&D case. That is,
the foreign government has an incentive to induce licensing.

Therefore, the following proposition is established.

Proposition 4 Suppose that the domestic government is passive. The foreign govern-
ment can indirectly shift the rent associated with licensing from the domestic firm to the
foreign country by tmposing a specific export tax on the foreign firm under licensing.
Even if the payment from the foreign firm to the domestic firm is fully shifted by a spe-
cific export tax on the foreign firm under licensing, the domestic firm still gains from

licensing. The optimal export tax is positive and licensing arises.

Next we explore two other measures the foreign government can adopt to shift the
rent from firm d to itself. As we will see, each policy affects the profit maximization
problem of firm d differently.

The first measure is to introduce a lump-sum R&D subsidy, S, to firm f before firm
d moves. How such a subsidy could shift the rent can clearly be seen when we consider
the licensing contract with fees r = 0 and R = I". When the lump-sum R&D subsidy, S,
is announced, firm d has to set R =T — S to deter firm f from engaging in R&D. This
implies that the foreign government does not pay the subsidy in equilibrium as long as
S < T. The license fee becomes lower as the subsidy rises. To maximize the rent that is
shifted, therefore, the foreign government sets S =T

Formally, with an R&D subsidy, (3) is modified as follows regardless of the type of
license fees:

de*; = mf]i%Xﬂ'd; st > 7r§'; +S,r>0,R>0.

Ty

?"Here we do not assume r =7 and R = 0 anymore.

5 . . . . . o1 . . .
% The constraint 7%% > 7% is not binding in equilibrium. 7 < 0 is necessary to obtain 7% = 7%,
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By affecting the constraint, the foreign government can use the R&D subsidy as a device
to shift the rent from firm d. Whereas the LHS of the constraint is modified by the
export tax, the RHS is modified by the R&D subsidy. To maximize the rent that is
shifted, the foreign government sets S = I' so that de”; = W‘}{‘T holds. With S =T, firm f
obtains the license without any payment and hence foreign welfare is higher. In contrast
with the export-tax case, the profits of firm d are identical between the R&D case and
the licensing case with full rent-shifting. This is because the subsidy is lump-sum.

Thus, we establish the following proposition.

Proposition 5 Suppose that the domestic government is passive. The foreign govern-
ment can shift the rent associated with licensing from the domestic firm to the foreign
country indirectly by committing itself to a lump-sum RED subsidy. By setting S = T,
the foreign government can induce technology transfer without any payment. With S =T,
the domestic firm and country are indifferent between licensing and R&D, while foreign

welfare is higher with licensing.

The second measure is a tax on the license fees.?0 It is rather obvious that such a
tax shifts the rent from firm d to the foreign government. Formally, in the presence of a
specific tax on the license fee, ¢, (3) is modified as follows regardless of the type of license
fees:

w‘i*zzm%XWd—th; st wl 277?,7’20,}%20
T7

where the objective function is modified by the tax. Then, the foreign government faces

the following maximization problem:
maxtry; s.t. o > a% r>0,R>0.

It should be noted that in our model, the imposition of a tax on the license fees does
not cause tax shifting. This is because the tax shifting leads firm f to engage in R&D
itself. Thus, the following proposition holds.

Proposition 6 Suppose that the domestic government is passive. By imposing a tax on
the license fees, the foreign government can shift the rent associated with licensing from
the domestic firm to the foreign country without generating any burden on the foreign

firm.

20For example, India imposes such a tax.
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5 Simultaneous Moves by the Governments

In this section, we consider the case in which before the firms move, both the domestic
and the foreign government move simultaneously to maximize their welfare. We assume
that the domestic government imposes a specific tariff, T', while the foreign government
imposes a specific export tax, 7. Domestic welfare consists of firm d’s profits, the con-
sumer surplus, and tax revenue. Foreign welfare consists of firm f’s profits and tax
revenue.

To find a Nash equilibrium, we examine the reaction of each government. First,
we consider the R&D case. Since the optimal tariff rate is given by A/3, the domestic

reaction curve is given by

T(r)= . (11)
Given (10), the foreign reaction curve is given by

_P*{2(A-T) - B}
42 - ¢°) '
In Figure 3, DD’ and FF’ are respectively the domestic and the foreign reaction curve.

The Nash equilibrium with R&D is given by point R:

(1) =

(N ) = <_¢2(4A —3B¢) 8A —2A¢* — B¢3>

’ 2(12 = 5¢?) = 2(12 — 5¢%) ’
implying that the domestic government imposes a tariff and the foreign government
provides an export subsidy. We can verify T% +T]]%V > 0, that is, when both governments
intervene simultaneously, the effective MC of firm f becomes higher.

It should be noted that the output of firm f is zero along JJ' (which intersects F'F’
on the vertical axis, i.e., at F"), while the output of firm d is zero along K K'. Thus, the
relevant area is one between JJ' and KK'.

Keeping the R&D case in mind, we now consider the licensing case. As in Section
3, we have three cases, depending on the type of the licensing contract. The first case
is licensing by means of a fixed fee alone. In this case, given (7), the domestic reaction

curve is given by

4By —(A-T1)¢" —4(A—1)
(36° —4)

We next consider the foreign reaction curve. By setting 7, the foreign government

T(r) = (12)

tries to extract as much rent from firm f as possible to minimize the rent shifted from
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firm f to the domestic country. Given 7, the maximum 7, the foreign government can

set, is

24— B¢

T=7—(T+r)= 5

Qr — (T +r).

We should note Q, = Wéi(ll — ¢%)/2, where W{;_ is the foreign profits with R&D
and the optimal export tax. Since the foreign government sets 7 before license fees are
determined, however, the foreign reaction curve is given by

24— Bo

Q,. (13)

In Figure 4, ff' shows (13). The following should be noted. First, the profits of firm
f are the same between the R&D case and the licensing case. This implies that given
T, foreign welfare is higher in the case with the higher tax revenue. Second, R&D arises
if 7+ T > 7, which holds in the area above ff’. Third, the foreign reaction curve is
independent of the licensing types.

Therefore, we obtain the following lemma.
Lemma 2 The foreign reaction curve consists of segment f'f" and segment f"F" .

In Figure 4, dlal'1 is the domestic reaction curve under licensing given by (12). Since
R&D arises in the area above ff’, did] terminates on ff’ and the domestic reaction
curve jumps to point D at point dlll. Thus, the domestic reaction curve consists of
segment dld;j and segment D" D" .

The Nash equilibrium is given by point dlll, where the domestic and the foreign gov-
ernment impose a tariff and an export tax, respectively. However, we should note that
when €2 is sufficiently large, the equilibrium point could be located below the horizontal
axis (i.e., in the fourth quadrant), implying that an import subsidy is provided. Even if
TN <0, we have TN + 71, > 0 from (13).27

The next case is licensing by means of a royalty alone. The domestic government
induces licensing with 7 — 7 > (A —7)/3 and R&D with 7 — 7 < (A —7)/3. Appendix B
shows that there are two cases to consider. The cases are shown in two panels of Figure
5. The domestic reaction correspondence consists of the area on and below dadf, and
segment d5D” in both panels. In Panel (a), we have multiple Nash equilibria given by
segment [ d;, where licensing arises. We have T' L]\g + 7'% > 0. In Panel (b), the Nash

equilibrium is given by point R, where R&D arises.

217N and 7Y, are, respectively, the Nash tariff rate and the Nash export tax rate in the i’th licensing

case.
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The last case is licensing by means of both a fixed fee and a royalty. This case is
similar to the first case. From (8), the domestic reaction curve under licensing is given
by

" "
D .

Thus, the Nash equilibrium is given by point dg. If 2, = 0, then the foreign reaction curve

In Figure 6, the domestic reaction curve consists of segment dgdg and segment D

under licensing coincides with J.J'. Note that JJ' and d3d;’ intersect on the horizontal
axis. Since {2, > 0, point dg is always located below the horizontal axis (i.e., in the fourth
quadrant). In the Nash equilibrium, therefore, the domestic and the foreign government,
respectively, employ an import subsidy and an export tax. As in the first case, we have
T, + 7, > 0.

Therefore, we obtain the following proposition.

Proposition 7 Suppose that the domestic government imposes a tariff and the foreign
government imposes an export tax. Fven if one of the tazes is negative in a Nash equi-
librium, the sum of the taxes is positive. Thus, when both governments intervene simul-

taneously, the effective MC' of the foreign firm becomes higher in the Nash equilibrium.

6 Concluding Remarks

Using an international duopoly model, this study explored possible strategic interactions
between a domestic and a foreign country in the presence of R&D and licensing. A
domestic firm and a foreign rival compete in the domestic market. The foreign firm,
to produce the good it wants to sell in the domestic market, has to acquire technology
either through R&D or through licensing from the domestic firm. With both R&D and
licensing opportunities, the domestic firm offers a licensing contract to deter the foreign
firm from engaging in R&D. This affects the opportunities for governments to generate
international rent-shifting. Interestingly, by imposing an export tax on the “foreign” firm,
the foreign government can shift the licensing revenue from the “domestic” firm. Both
the domestic and the foreign optimal policies with licensing can be the exact opposite of
the optimal policies without licensing.

Six final remarks are in order. First, the analysis here examined a few simple policies
that cause rent-shifting and is by no means exhaustive. That is, rent-shifting is possible
not only under the policies considered here and one can easily think of other rent-shifting

policies.
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Second, since in practice technologies are often embodied in sophisticated intermedi-
ate products that some firms are unable to produce, the model we consider allows firms
to purchase such key intermediate inputs from rival firms.

Third, the presence of R&D plays a crucial role in arriving at the results obtained
here, although R&D simply plays the role of an outside option for the foreign firm and
R&D expenditures are basically regarded as waste. Thus, the foreign government prefers
licensing to R&D when rent-shifting from the domestic firm to the foreign country is
possible. However, R&D may generate positive externalities such as technology spillovers
to other sectors. In the presence of such externalities, the foreign government may prefer
R&D to licensing.

Fourth, we considered the case where the domestic firm has full bargaining power
when license fees are determined. Our results remain qualitatively unchanged as long
as the domestic firm has some bargaining power. If the foreign firm has full bargaining
power instead, the optimal fee is a tiny fixed fee, because a royalty increases the foreign
firm’s effective MC. The domestic government then has an incentive to decrease the
optimal tariff in the presence of licensing, because the decrease leads the foreign firm to
increase the fixed license fee in order to induce licensing. At the optimal tariff level, the
fixed license fee equals the FCs associated with R&D.

Fifth, if the market is not in the domestic country but in a third country, it would
be natural to consider an export (or production) subsidy as a domestic policy instead of
a tariff. In the R&D case, an export subsidy is optimal for the domestic government. In
the case of licensing, an export (or production) tax could be optimal.

Lastly, it is usually expected that a tariff reduction hurts the domestic firm. In our
licensing case, however, the government may have an incentive to lower the tariff to
“benefit” the domestic firm and raise domestic welfare. Our analysis thus provides a

potential rationale for tariff reductions.

Appendix
A. Proof of Proposition 1

Proof. Given 7, the equilibrium profits of firm d are given by (5):
. 2B — p(A—r 2(A—r)—¢B 2(A—r)—¢B
F%(T) — ( (2 ))2+(( )2 ( )2
1—¢ 4—9 4—9
(392 —4) 7% + (B¢® — 4A¢* + 4B¢) r + (A2¢*> — 4AB¢ + 4B?)

- 0127027 o

)2—7r£*+r
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which takes its maximum value at r = —¢(4B + Bp? — 4A¢)/2 (3¢>2 — 4) = r*. Since
3¢2 —4 <0, r* < 0 if (4B + B¢? — 4A¢) < 0 and r* > 0 if ¢(4B + B¢* — 4A¢) > 0.
Thus, given that r > 0, firm d sets 7 = 0 and R = F when ¢(4B + B¢? — 44¢) < 0.
When ¢(4B + B¢* —4A¢) > 0, we have two cases depending on the size of the maximum
royalty firm d can charge, 7, which satisfies

2(A—r)—¢B «
(4_71)¢2¢ )2:7‘_2.

(

Thus,
1 1 [
F:A—§B¢+§\/ﬂ£ (¢? —4) > 0.

Given that R > 0, firm d sets r =7 and R =0 if r* > 7. If * <7, on the other hand,
firm d sets r = r* and
204—r*)—¢B

R=(—5

)2 —nh = R* > 0.

[ ]

B. Nash equilibria under licensing with a royalty alone

We should recall that with licensing by means of a royalty alone, T" and 7 are perfect
substitutes from a welfare perspective. When 7 —7 > (A —17)/3 (i.e., < A—3B¢/4 —
3Q/2), we obtain T'(7) + r =7 — 7. Thus, the domestic reaction “correspondence” is on
and below T'=7 — 7.

We have two cases depending on where (11) and (13) intersect. The intersection
point, db, is given by

3 3.1 1
(A — Zng — EQ’ ZBQZ) + 59) .
Thus, point d5 lies either in the first quadrant or in the second quadrant.

Panel (a) of Figure 5 illustrates the case where point d, is located to the right of
point R. In this case, the domestic reaction correspondence consists of the area on and
below dodf, and segment d,D"”. Thus, the Nash equilibria are segment f”dj. In Panel
(b), point dj is located to the left of point R. The domestic reaction correspondence is

basically the same as that in Panel (a). In Panel (b), the Nash equilibrium is R, where
R&D arises.
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Figure 1: Three types of licensing
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Figure 2: Optimal tariff with licensing with royalty alone
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Figure 3: Tariffs and export tax under R&D




Figure 4: Tariffs and export taxes
under licensing with a fixed fee alone




Figure 5: Tariffs and export taxes
under licensing with a royalty alone
Panel (a)
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Figure 5: Tariffs and export taxes
under licensing with a royalty alone
Panel (b)
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Figure 6: Tariffs and export taxes
under licensing with both a fixed fee and a royalty
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